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INTRODUCTION 


The  three-point  bend  specimen  is  often  used,  being  one  of  the  geometries 
utilized  in  notched  bar  impact  and  both  K^c  and  Jjc  fracture  toughness 
testing.  However,  comparatively  little  information  has  been  published  on  some 
aspects  of  the  load-line  displacement  of  the  specimen.  The  purpose  here  is  to 
compare  some  of  the  available  information,  with  emphasis  on  experimental 
needs . 


DISCUSSION 

For  a  rectangular  specimen  loaded  in  three-point  bending  (load  P,  span  S, 
width  W,  thickness  B,  and  crack  length  a),  the  load-line  displacement,  <5, 
consists  of  the  following  three  terms  (ref  1): 

^  =  ^bend  +  ^shear  +  ^crack  (1) 

where  S^end  anc*  ^shear  are  the  Bending  and  shear  displacements  of  the 
uncracked  specimen  and  <$crack  is  the  displacement  due  only  to  the  crack. 
Expressions  for  the  uncracked  displacements  are  (ref  2): 

'-’bend  =  PS3/4BW3E  (2) 

6shear  =  0.6(l+v)PS/BWE  =  0.78  PS/BWE  (3) 

for  v  =  0.3;  v  Is  Poisson's  ratio,  E  is  elastic  modulus. 

The  displacement  due  to  the  crack,  <5crack,  is  given  by  Tada  et  al  (ref  3) 

as : 

^ crack  =  [6PS2/4BW2E]  •  f(a/W)  (4) 


J.  d.  Underwood,  J.  A.  Kapp,  and  M.  D.  Witherell,  "Fracture  Testing  with  Arc 
Bend  Specimens, "  Submitted  to  Seventeenth  National  Symposium  on  Fracture 
Mechanics,  Albany,  NY,  7-9  August  1984. 

^R.  J.  Roark,  Formulas  for  Stress  and  Strain,  McGraw-Hill,  1965. 

^H.  Tada,  P.  C.  Paris,  and  G.  R.  Irwin,  The  Stress  Analysis  of  Cracks 
Handbook,  Del  Research  Corp.,  Hellertown,  PA,  1973. 
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Substituting  Eqs.  (2)  through  (4)  in  Eq.  (1)  and  rearranging,  the  total 
compliance  at  load  line  can  be  given  by: 

EB6/P  =  S3/4W3  +  3.12S/4W  +  6S* 2/4W2  •  f(a/W)  (5) 

Equation  (5)  is  in  a  general  form  which  shows  the  relative  importance  of  the 
various  components  of  load-line  displacement,  as  well  as  the  large  effect  of 
span-to-width  ratio,  S/W,  on  displacement.  Equation  (5)  can  be  used  to  take 
account  of  specimen  dimension  variations  on  displacement.  Although  there  is 
some  change  (ref  3)  of  f(a/W)  with  S/W,  it  is  not  significant  compared  with 
the  direct  effects  of  S/W  on  EB6/P  as  shown  by  Eq .  (5).  For  S/W  =  4  the 
function  f(a/W)  in  the  third  term  of  Eq.  (5)  is  given  by  Tada  et  al  (ref  3)  as 
follows,  accurate  to  within  one  percent  for  0  <  a/W  <  1.0: 

f (a/W)  =  [a/W/ (1-a/W) ] 2 [ 5  -  58  -  19.57  (a/W)  +  36.82  (a/W) 2 

-34.95  (a/W)3  +  12.77  (a/W)4]  (6) 

Table  I  shows  a  comparison  of  the  compliance  values  of  Eq .  (5)  with  those  of 
ASTM  Method  E-813-81  (ref  4)  for  S/W  =  4.  The  compliance  values  given  in 
E-813  in  a  tabular  form  cover  a  range  of  a/W  from  0.5  to  0.7  and  do  not 
account  for  the  shear  displacement  of  the  uncracked  specimen  (ref  5).  Because 
of  this,  the  values  of  E-813  are  from  6.3  percent  to  1  percent  below  those  of 
Eq.  (5)  for  a/W  from  0.5  to  0.7,  respectively.  When  the  shear  component  of 


3H.  Tada,  P.  C.  Paris,  and  G.  R.  Irwin,  The  Stress  Analysis  of  Cracks 
Handbook ,  Del  Research  Corp.,  Hellertown,  PA,  1973. 

^  Standard  Test  Method  for  Jjc,  A  Measure  of  Fracture  Toughness,"  ASTM 
E-813-81,  1983  Annual  Book  of  ASTM  Standards,  Vol.  03.01,  American  Society 
for  Testing  and  Materials,  1983,  pp.  762-780. 

3J.  G.  Merkel,  R.  G.  Berggren,  and  W.  J.  Stelzman,  "Compliance  and  Fracture 
Toughness  Calculations  for  Notched  Bend  Specimens,"  HSST  Quarterly  Progress 

Report,  ORNL  Report  TM-4805,  Vol.  2,  March  1975. 
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displacement,  described  by  Eq .  (3),  is  added  to  the  values  of  E-813,  the 
agreement  between  these  modified  values  and  those  of  Eq.  (5)  is  within  0.5 
percent  for  all  values  of  a/W. 

An  inverse  compliance  expression  can  be  obtained  from  Eqs.  (5)  and  (6) 
for  S/W  -  4,  as  follows: 

a/W  =  0.997  -  3.58  U  -  1.51  U2  -  110  U3  +  1232  U4  -  4400  U5  (7) 

where 

U  =  1/ [ (EB6/P)1 /2  +  1] 

Equation  (7)  was  found  to  be  accurate  within  less  than  0.2  percent  to  the 
values  from  Eq .  (5)  over  a  wide  range  of  a/W,  from  0.3  to  0.945. 


CONCLUSION 

The  results  described  here,  as  summarized  in  Eqs.  (5)  and  (7),  are 
suitable  for  general  use  in  fracture  testing  using  the  three-point  bend 
specimen,  including  unloading  compliance  Jjc  tests  and  fatigue  crack  growth 
rate  tests. 
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TABLE  I.  LOAD-LINE  COMPLIANCE  VALUES  FOR  THREE-POINT 


BEND  SPECIMEN  WITH  S/W  =  4 
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